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ABSTRACT: In low- and middle-income countries like Nigeria, traditional medicine practitioners use seeds, roots, 
stem barks or the whole plant to cure some ailments, hence, the need to scientifically analyze these ethnobotanical claims. 
The extracts of L. inermis revealed the presence of cardiac glycosides, saponins, flavonoids tannins, triterpenes, steroid 
and alkaloids. The antimicrobial screening and activities of the crude extracts were observed against Staphylococcus 
aureus, Bacillus subtilis, Escherichia coli, Salmonella typhi, Pseudomonas aeruginosa, Klebsiella pneumonia with a zones 
of inhibition ranging from 12-26 mm which were however lower than the standard drug (Ciprofloxacin) with 28-30 mm. 
The MIC/MBC measurement against those microbes was found to be between 3.125 mg/ml to 50 mg/ml. The ethyl acetate 
extract was purified using column chromatography and eluted with ethyl acetate and ethanol solvents in various ratios. 
From the fractions obtained, the compound eupatorin (3’,5-dihydroxy-4’,6,7-trimethoxyflavone) was isolated and 
characterized using IR, 1D and 2D NMR. The eupatorin was found to show significant microbial activity against P. 
vulgaris, S. typhi, E. coli, S. pneumonia and S. pyogenes when compared with standard antibiotics used against these 
microbes. The results from this research have supported the ethnomedicinal uses of this plant in the treatment of skin 
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Medicinal plants are part and parcel of any generation 
of human being in the society used in order to combat 
various diseases from the dawn of civilization 
(Bandyopadhyay et al., 2002). Medicinal plants are 
known to their curatives potentials to certain 
biological active substances which exist in part of the 
plants. Traditional medicine is the ancient method of 
curing diseases and infections in which various plant 
have been used in different part of the world (Nwenze 
et al., 2004; Vineela and Elizabeth, 2005). Medicinal 
plants are of great importance to health of individuals 
and communities. In low- and middle-income 
countries like Nigeria, traditional medicine 
practitioners use seeds, roots, stem barks or the whole 
plant to cure some ailments where modern medicine 
may not be enough to meet the health care challenges. 
Traditional medicine is perceived to be more 
affordable, accessible and acceptable to the 
communities in which it operates (Sato, 2012). Many 
of these indigenous medicinal plants are used as spices 
and food meant for pregnant and nursing mothers for 
medicinal purposes (Okwu, 1999, 2001). Lawsonia 
inermis is commonly known as Henna. It is a 
flowering plant, having a height of 5 meters. The 
leaves are small about 1.5 to 5 cm long, 0.5 to 2 cm 
wide, greenish-brown in colour. Henna shrub is highly 
branched and has grayish-brown barks (Muhammad 
and Muhammad, 2005). It is a biennial dicotyledonous 
herbaceous shrub which solemnly grow in the native 
of North Africa and South-West Asia. The plant henna 
is widely cultivated throughout the tropical and 
subtropical region as an ornamental and dye plant. In 
folk medicines, henna has been used as astringent, 
anti-hemorrhagic, intestinal antineoplastic, cardio-
inhibitory, hypotensive, sedative and also as 
therapeutic against amoebiasis, headache, jaundice 
and leprosy (Simon et al., 1984; Rao et al., 2005).  
 
The leaves of the plant have been used for the 
treatment of various ailments such as anti-
inflammatory, leprosy, rheumatalgia, edema, anti-
ulcer, anti-helminthic, anti-cancer, anti-typhoid, anti-
malaria, anti-diarrhea, cough, bronchitis and anti-
tumor (Reddy, 1988 and Warrier, 2004). Statistic has 
shown that 80 % of the world’s population use 
traditional medicine to meet their primary healthcare 
needs and these has gone to the extent of been use in 
policy-making (King and Homsy, 1997; Kim et al., 
2014). The essential oil of the leaf of L. inermis was 
reported in the literature to contain some compounds 
such as lawsone, ethyl hexadecanoate, methyl 
cinnamate, ioscaryophellene, E-beta-inone and methyl 
linolenate (Oyedeji et al., 2005). 
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MATERIALS AND METHODS 
The seeds of L. inermis was collected from Adavi 
Local Government Area, Kogi State, Nigeria. The 
seeds were identified at the Herbarium unit of the 
Department of Botany, Faculty of Life Science, 
Ahmadu Bello University, Zaria, Kaduna State, 
Nigeria, with voucher number of 900270. The seeds 
were air dried under shade at a temperature of 37 ºϹ 
for 7 days and pulverized into powdered (Girish and 
Satish, 2008). The powdered seed material was 
successively extracted with n-hexane, chloroform, 
ethyl acetate and methanol by cold maceration method 
for 48hrs each. The extracts were concentrated using a 
rotary evaporator and allowed to dry. All extracts were 
stored in a rap vial swapped in foil paper. 
 
Preliminary phytochemical screening: The extracts 
was subjected to preliminary phytochemical screening 
using standard methods for the detection of various 
plant constituents such as alkaloids, tannins, 
flavonoids, cardiac glycosides, saponins, 
anthraquinones, steroids and triterpenes (Evans, 1987, 
1997; Trease and Evans, 1989; Dey and Harborne, 
1987; Finar, 1986). 
 
Antimicrobial Screening: Preparation of Plant 
Extracts for Antimicrobial screening test: The 
antibacterial activity was evaluated using 
Staphylococcus aureus, Escherichia coli, Klebsiella 
pneumonia, pseudomonas aeruginosa, Bacillus 
subtilis, Streptococcus pyogenes, and Salmonella 
typhi, Candida albican. The antimicrobial screening 
was carried out using the agar diffusion method 
(NCCLS, 2000) with slight modifications. Overnight 
culture of the various bacteria in blood agar and the 
fungi in dextrose agar slant media were sterilized at 
121°C for 15 minutes. The sterilised media were then 
seeded with 0.1 mL standard inoculum of the test 
microorganism. The inoculum was spread evenly over 
the surface of the seeded media by the use of a sterile 
swab. By the use of a standard cork-borer of 6 mm in 
diameter, a well was cut at the center of each seeded 
medium and 0.1 mL solution of the compound was 
then introduced into each well on the medium. The 
inoculated plates were incubated at 37 °C for 24 hours, 
after which the plates were observed for the zone of 
inhibition of growth of microorganisms. The zone was 
measured with a transparent ruler and the result 
recorded in millimeters (Perez et al., 1990). 
 
Determination of Minimum Inhibitory Concentration 
(MIC) of the compounds:  Minimum inhibitory 
concentration of the compounds was carried out on the 
test organisms using the broth dilution method as 
described by Vollekova et al. (2001). In this method, 
10 mL nutrient broth (prepared using manufacturer’s 
specifications) was dispersed into test tubes and 
sterilized at 121 °C for 10 minutes and allowed to cool. 
McFarland’s turbidity standard scale number 0.5 was 
prepared to give a turbid solution.  Normal saline (10 
mL) was dispensed into sterile test-tube and the test 
microbes inoculated and incubated at 37°C for 6hrs. 
Dilution of the test microbes in the normal saline was 
made until the turbidity matched that of the McFarland 
scale by visual comparison. This dilution resulted in 
the test microbes having a concentration of 1.5 x 
108cfu/mL. Two-fold serial dilutions of the 
compounds in the sterile broth was made to obtain 
concentrations of 20 mg/mL, 10 mg/mL, 5 mg/mL, 2.5 
mg/mL and 1.25mg/mL. Having obtained the different 
concentration of the compound in the serial broth, 0.1 
mL of the test microbes in the normal saline was then 
inoculated into the different concentrations of the 
compounds. Incubation was made at 37 °C for 24 h 
after which each test-tube was observed for turbidity 
(growth). The lowest concentration of the compounds 
in the broth which shows no turbidity was recorded as 
the minimum inhibitory concentration. The 
experiment was conducted in triplicates for all the 
concentrations. 
 
Minimum Bactericidal Concentration (MBC): 
Mueller-Hinton agar was prepared, sterilized and 
poured into sterile petri. The plates were allowed to 
cool and solidify. The content of the MIC in the serial 
dilution were then sub-cultured onto the prepared 
medium. Incubation was made at 37 °C for 24 h after 
which each plate was observed for colony growth. The 
MBC/MFC were the plates with lowest concentration 
of the compound without colony growth (NCCLS, 
2000). 
 
Isolations of the Compound: The ethyl acetate extract 
was purified using commercially pre-coated silica gel 
plate. The plant extract would be dissolved in 
minimum amount of ethyl acetate and was spotted at 
the base of the plate and developed using n-hexane and 
ethyl acetate (2: 8). The plates was observed under the 
UV-lamp at 256nm for the components to be separated 
(Cosa et al., 2006). 
 
Column Chromatography: The ethyl acetate extract 
was subjected to column chromatography using Silica 
gel as stationary phase and ran by gradient elution 
technique where n-hexane and ethyl acetate were 
employed as mobile phase. The silica gel 100 g would 
be packed in a column (3.5cm x 40cm) with hexane 
using wet method. The column would be allowed to 
stabilize before the extract (2 g) adsorbed on some 
amount of the silica gel was packed on top of the 
prepared column and a cotton wool placed on the 
packed column. Elution began with hexane (100 %) 
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and then followed by gradual introduction of ethyl 
acetate (5 %, 10 %, 15 % etc.) until ethyl acetate (100 
%) would be used. The flow rate of the column would 
be worked at 20 drops/min.20 ml aliquots were 
collected and analysed using TLC. The column 
fractions with a similar single spot indicating the 
isolation of a compound were pooled together dried at 
room temperature until a homogeneous compound 
was shown. Three (3) vials O-LI 43 - 45 had similar 
TLC profile with only two prominent spots were thus, 
pulled together and separated using a smaller column. 
A component code named O-LI was carefully taken 
for further analysis. 
 
Characterization of isolated compound:  The IR 
spectrum of the compound (O-LI) isolated from the 
ethyl acetate extract of Lawsonia inermis was recorded 
using a Nicolet 170SX. The spectral resolution for the 
Nicolet 170SX was 0.25cm-1, and the spectral data 
were stored in the database at intervals of 0.5 cm-1 at 
4000-2000 cm-1, and of 0.25 cm-1 at 2000-400 cm-1. 1H 
NMR spectra of the compound (O-LI) isolated was 
recorded using a JEOL AL-400 (399.65 MHz). The 
measuring conditions for the spectra were at flip angle 
of 22.5-30.0 degrees, pulse repetition time of 30s. The 
longer the pulse repetition time and the smaller the flip 
angle used to ensure precise relative intensities. 13C 
NMR spectra of the compound (O-LI) isolated was 
recorded with a Bruker AC-200 (50.323 MHz). The 
measuring conditions for the spectra were as follows: 
a pulse flips angle of 22.45-45 degrees, a pulse 
repetition time of 4-7 seconds, and a resolution of 
0.025-0.045 ppm. The spectra whose spectral codes 
started with “CDS” were reconstructed from signal 
positions, intensities, and line widths by assuming all 
resonance signals were Lorenz lines. 
 
RESULTS AND DISCUSSION 
The preliminary phytochemical screening of extracts 
of L. inermis showed the presence of cardiac 
glycosides, tannins, flavonoids, steroid and triterpenes 
and alkaloids in all the extracts. However, saponins 
tested positive in only the ethyl acetate and methanol 
extracts while flavonoids and tannins tested positive in 
all extracts except in the n-hexane (Table 1). The result 
of the antimicrobial screening of the extracts of the 
seeds of L. inermis was recorded in Table 2. The 
hexane extract of L. inermis showed no antimicrobial 
activity against all the selected microorganisms at all 
concentration. The chloroform extract showed activity 
against only S. aureus with a diameter of zones of 
inhibition which ranged from 12-17 mm at various 
concentration respectively. The ethyl acetate extract 
showed inhibition effect against S. aureus, B. subtilis, 
E. coli, S. typhi and P. aeruginosa with a diameter of 
zone inhibition which ranged 18-26 mm at a 
concentration of 100 mg/ml. At 50 mg/ml, the ethyl 
acetate extracts showed activity with a diameter of 
zones of inhibition which ranged from 14-21 mm 
against same organisms. 
 
Table 1: Phytochemical Constituents of the Extracts 
Metabolites and Test H CF EA MT 
Anthraquinones (Bontragers’ 
test) 
- - - - 
Cardiac glycosides - + + + 
(Keller-Killiani test) -    
Saponins (Frothing test) - - + + 
Steroid and Triterpenes + + + + 
(Lieberman-Buchard test)   
Tannins (Ferric chloride test) - + + + 
Flavonoid (Shinoda test) - + + + 
Alkaloids - + + + 
(Dragendoff, Wagners and Mayers’ tests). Key: - =absent, + = 
Present, H = Hexane extract, CF = Chloroform extract, EA = 
Ethyl acetate extract, MT = Methanol extract 
 
The ethyl acetate extracts showed activity against S. 
aureus, B. subtilis, E. coli, S. typhi, P. aeruginosa and 
K. pneumonia with a zone of inhibition of 16, 19, 12, 
14 and 14 mm respectively at a concentration of 25 
mg/ml.  At 12.5 mg/ml, the extract was only sensitive 
against S. aureus, B. subtilis and K. pneumonia with a 
diameter of zones of inhibition of 14, 17 and 12 mm.   
The methanol fraction showed activity against S. 
aureus, B. subtilis, P. aeruginosa and K. pneumonia 
with a diameter of zone of inhibition of 18, 24, 19 and 
19 mm. At 50 mg/ml the diameter of zone of inhibition 
against the selected microorganism was 16, 22, 14 and 
14.  At 12.5 mg/ml. the extract was sensitive to S. 
aureus and B. subtilis with a zones of inhibition of 12 
and 16 mm respectively. Thin Layer Chromatographic 
(TLC) procedure was performed on the ethyl acetate 
extracts to ascertain the number of components 
present. This fraction was the most sensitivity to the 
microorganisms used. The result of the minimum 
inhibitory concentration of the ethyl acetate extract of 
the seed extract of L. inermis was 3.15 mg/ml against 
S. aureus, P. aeruginosa and B. subtilis, 25 mg/ml 
against E. coli and S. typhi and 12.5 mg/ml against K. 
pneumonia.  The Methanol extract had a minimum 
inhibition concentration of 3.125 mg/ml against B. 
subtilis, 12.5 mg/ml against S. aureus and 25 mg/ml 
against P. aeruginosa and K. pneumonia. The 
minimum bactericidal concentration (MBC) of the 
chloroform extract against S. aureus was 50 mg/ml.  
The ethyl acetate extract has MBC value of 50 mg/ml 
against E. coli and S. typhi and 25 mg/ml against K. 
pneumonia, however, it was 6.25 mg/ml against S. 
aureus, B. subtilis and P. aeruginosa. The methanol 
extract of L. inermis had MBC of 50 mg/ml against P. 
aeruginosa and K. pneumonia. The MBC of methanol 
fraction against K. pneumonia and P. aeruginosa was 
50 mg/ml.  At 25 mg/ml the MBC was against S. 
aureus and 6.25 mg/ml against B. subtilis (Table 3).  
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Table 2: Zone of Inhibition (mm) of the Seeds Extracts against Test Microorganism at Varying Concentrations (mg/ml) 
 
Key: - = absent, + = Present, H = Hexane extract, CF = Chloroform extract, EA = Ethyl acetate extract, MT = Methanol extract, 
CPF=Ciprofloxacin 
 
Table 3:  Minimum inhibition concentration and Minimum bactericidal concentration of extracts of the seed of L. inermis 
 
ND = Not determine, H = Hexane extract, CF = Chloroform extract, EA = Ethyl acetate extract, MT = Methanol extract. 
 
The minimum bactericidal concentration (MBC) were 
carried out to determine whether the test microbes 
were killed or only their growth was inhibited.  
 
Characterization of the Isolated Compound: 
Compound O-LI was isolated as a yellow crystalline 
substance (5.3mg) from the ethyl acetate seeds extract 
of L. inermis with a melting point of 156- 159˚C. The 
structure of O-LI were elucidated using spectroscopic 
techniques. Silica gel column chromatography of the 
ethyl acetate extract of L. inermis led to the isolation 
of compounds O-LI.  In the FTIR spectrum of 
compound O-LI, (Figure 1) a signal at 3421.7 cm-
1were observed for O-H bond. C-H stretch for alkane 
were observed at 2922.2cm-1, C=C for alkene was 
shown at 1647.8cm-1and at1718.3 cm-1, C=O stretch 
were observed in figure 1. 
 
 






Fig 3: 13C-NMR 
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The 1H-NMR spectra shows signals at 3.72, 3.90 and 
3.88 represents methoxy protons and signals at 12.89 
and 9.49 ppm represents -OH protons. Signals at 6.82, 
6.92, 7.48, 7.10 and 7.59 ppm shows aromatic moiety. 
1H-NMR show signals at 6.82, s(C3), 6.92, s(C8), 
7.48, s(C2’), 7.10, d(C5’), 7.59, dd(C6’), 3.72, s(6-
OMe), 3.90, s(7-OMe), 3.88, s(4’-OMe), 12.89, s(5-
OH), 9.49, s(3’-OH). Figure 2. The 13C NMR shows 
quaternary C-O signals at 163.88, 151.25, 158.67, 
135.70, 152.05, 146.83 and 142.34. C=O showed 
signal at 182.17, aromatic quaternary carbons at 
103.36, 91.55, 104.14, 118.78, 113.10, 118.78 and 
122.96ppm.  Signals at 56.45, 60.01 and 55.81ppm 
showed the presence of methoxy carbons. The 13C 
NMR showed signals atC2(163.88, C), C3 (103.36, 
CH,), C4(182.17, C), C5(157.99, C), C6(135.70, C), 
C7(158.67, C), C8(91.55, CH), C9(151.25, C), 
C10(104.14, C), C1’(122.96, C), C2’(112.14, CH), 
C3’(146.83, C), C4’(152.05, C), C5’(113.1O, CH), 
C6’ (118.78, CH), 6-OMe(55.81, CH), 7-OMe(60.01, 
CH), 4’-OMe(56.45, CH). Figure 3. Based on the 
FTIR, 1D and 2D NMR spectra data of compound O-
LI, it was observed that O-LI is a compound consisting 
of aromatic protons and a conjugated system. The 
spectral data values are in concordance with available 
literature values (Ramaraj et al., 2018). Based on the 
analysis above, the structure of O-LI was determined 
to be 3’5-hydroxy-4’,6,7-trimethyoyflavone. 
 
Table 5. NMR spectral data of O-LI and comparison with literature data 
 
*(Ramaraj et al., 2018) 
 
Conclusion: In this study, antimicrobial activity of the 
crude extracts and eupatorin (3’,5-dihydroxy-4’,6,7-
trimethoxyflavone) isolated from the seed of L. 
inermis were assessed. The result showed positive 
antibacterial effects of the phytochemicals against 
bacterial strains testedwhich have supported the 
ethnomedicinal uses of this plant in the treatment of 
skin infections, abdominal disorders, leprosy, 
rheumatalgia, edema, cough and cold remedy. Further 
investigations are necessary to evaluate the 
antimycobacterial and antiviral activity of this 
eupatorin. 
 
Abbreviation: FTIR: Fourier-Transform 
Spectroscopy; 1H-NMR: Proton Nuclear Magnetic 
Resonance; 13C- NMR: Carbon-13 Nuclear Magnetic 
Resonance; MIC: Minimum Inhibition Concentration; 
MBC: Minimum Bactericidal Concentration; MFC: 
Minimum Fungicidal Concentration; EA: Ethyl 
acetate; MT: Methanol; CF: Chloroform; H: Hexane; 
CPF: Ciprofloxacin. 
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